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(54) DATA REPRODUCING DEVICE 
(57)Abstracl: 

PROBLEM TO BE SOLVED: To provide a data reproducing device 
capable of obtaining decoding data of a satisfied error rate by a PRML 
(partial response maximum likelihood) detecting system and 
simultaneously capable of accurately detecting the data by extracting the 
lost low range component from binarization data obtained as the output of 
a viterbi decoder and feeding it back to a reproduced signal. 
SOLUTION: The signal extracted by an LPF circuit 10 from the feedback 
data D1 outputted from the viterbi decoder 8 is added to the reproduced 
signal, the low range component of which is cut by an HPF(high pass filter) 
circuit 4, and this signal is decoded by the viterbi decoder 8 to output the 
decoded data D2 and the feedback data D1. Then, the path length for 
outputting the feedback data D1 is set to be shorter than the path length for 
outputting the decoded data D2. 
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♦ NOTICES ♦ 

JPO and MCI PI are not responsible £or any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the data regenerative apparatus which carries out maximum likelihood decoding by Viterbi decoding after carrying out partial 
response waveform equalization of the regenerative signal with a PRML method It has frequency characteristics with reverse 1st filter 
means which cuts the low-pass component of a regenerative signal and filter means of the above 1st. The 2nd filter means which extracts 
the low-pass component of the regenerative signal omitted by the filter means of the above 1st from the data for feedback outputted from a 
Viterbi decoding means. While carrying out Viterbi decoding of the signal which adds the signal outputted from the filter means of the 
above 1st, and the signal outputted from the 2nd filter means, and is acquired It is the data regenerative apparatus which is equipped with a 
Viterbi decoding means to output decode data and the data for feedback, and is characterized by the above-mentioned Viterbi decoding 
means outputting the data for feedback by path length shorter than the path length which outputs decode data. 

[Claim 2] The data regenerative apparatus according to claim 1 characterized by having the path length control means to which the path 
length which outputs the above-mentioned data for feedback is changed from the above-mentioned Viterbi decoding means according to 
the coding method of the above-mentioned regenerative signal. 

[Claim 3] DSV which detects this when the DSV (Digital Sum Variation) value of the above-mentioned decode data is calculated serially 
and this DSV value exceeds the predetermined value set up beforehand - counting - with a means It has the amount control means of 
signals which controls the amount of output signals of the filter means of the above 2nd. The above-mentioned amount control means of 
signals Above DSV - counting - the data regenerative apparatus according to claim 1 or 2 characterized by changing the amount of 
output signals of the 2nd filter means when a means detects that the DSV value exceeded the predetermined value. 
[Claim 4] A sign pattern monitor means to detect this when it supervises serially whether the above-mentioned decode data have agreed to 
the pattern of a coding method and these decode data do not agree it to the pattern of a coding method. It has the amount control means of 
signals which controls the amount of output signals of the filter means of the above 2nd. The above-mentioned amount control means of 
signals The data regenerative apparatus according to claim 1 or 2 with which the above-mentioned sign pattern monitor means is 
characterized by changing the amount of output signals of the 2nd filter means when decode data detect having not agreed to the pattern of 
a coding method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the data regenerative apparatus of the PRML method which carries out maximum 
likelihood decoding by Viterbi decoding, afler carrying out partial response waveform equalization of the regenerative signal. 
[0002] 

[Description of the Prior Art] In order to make small conventionally the rate of a data error of the data by which high density record was 
carried out in the data regenerative apparatus which reproduces the digital data recorded on the optical disk etc., partial response 
identification is given to a regenerative signal, the PRML (Partial Response Maximum Likelihood) detection method which carries out 
maximum likelihood decoding by Viterbi decoding is proposed, and the magazine "the Nikkei electronics" (January 17, 1994 No.599 
P.71-97) is also introduced. For example, the regenerative signal from an optical disk is equalized in PR (1, 2, 1) property, and is decoded 
to the probable data with the Viterbi decoder as shown in JP,6-243598A- 

[0003] Drawing 15 is drawing explaining the above-mentioned data regenerative apparatus. The above-mentioned data regenerative 
apparatus reads the digital data recorded on the optical disk 51 with the optical head 52, and after it gives the analog regenerative signal to 
RF amplifier 53 and it amplifies it here, it lets it pass in the HPF (High Pass Filter) circuit 54 which cuts DC offset component of the 
output of RF amplifier 53. The AGC (Auto Gain Control) circuit 55 which removes the amplitude fluctuation by reflection factor 
fluctuation of an optical disk etc. lets the output signal of the HPF circuit 54 pass, and the output signal of AGC circuit 55 is changed into 
a digital signal from an analog signal by the A/D (Analog/Digital) transducer 56. Identification of the output signal of A/D converter 56 is 
carried out to PR (1, 2, 1) property with the digital equalizer 57, and the Viterbi decoder 58 Viterbi- decoding- outputs binarization data 
based on the output signal. Moreover, the regenerative signal amplified by RF amplifier 53 is inputted into the clock extract section 59 
constituted by the PLL (Phase Locked Loop) circuit etc., and the clock signal of the bit period which carried out phase simulation to this 
regenerative signal is outputted from the clock extract section 59. This clock signal is inputted into A/D converter 56, and the output 
signal of AGC circuit 55 is changed into a digital signal from an analog signal to this timing. 

[0004] In this way, it turns out that the binary-ized data decoded by the PRML detection method show an error rate better than the 
conventional binary detection method. Furthermore, to change of the tilt of focal ofi*set of a light beam, or a disk, the asymmetry of a 
regenerative signal, etc., a PRML detection method has a loose error rate dependency, namely, the rate of aggravation of the error rate to 
aggravation of each playback conditions is known by that it is loose compared with the conventional binary detection method. 
[0005] However, when making signal amplitude of an analog signal regularity by AGC circuit 55, in order for AGC not to be performed 
by the offset signals (optical offset, electric offset, etc.) of an analog regenerative signal, the HPF circuit 54 which removes the low-pass 
component of an analog regenerative signal is required of the above-mentioned PRML detection method. Therefore, it the low-pass 
component is contained in the data currently beforehand recorded on the disk, even the low-pass component of data will be removed in the 
HPF circuit 54, and exact signal detection will become impossible. If the RLL sign which is a non-DC free sign as a coding method of 
record data (1 7) is used especially, the problem that an error increases will occur. 

[0006] In the conventional binary detection method, the technique called a quantizing feedback method as one of the solution to the 
problem that the low-pass component of data will be removed in this way is proposed, and this approach is indicated by JP,60-68748,A. 
[0007] The data regenerative apparatus which applied the principle of this quantizing feedback method to PRML detection has a 
configuration as shows drawing 16 , in order to return the binary-ized data outputted from the Viterbi decoder 58. That is, in the above- 
mentioned data regenerative apparatus, an optical disk 51, the optical head 52, RF amplifier 53, the HPF circuit 54, AGC circuit 55, A/D 
converter 56, the digital equalizer 57, the Viterbi decoder 58, and the clock extract section 59 have the same function as the data 
regenerative apparatus of the usual PRML detection method. And in addition to this, the above-mentioned data regenerative apparatus is 
equipped with the adder 61 adding the HPF circuit 54, the digital LPF (Low Pass Filter) circuit 60 with reverse frequency characteristics, 
and the output of the digital LPF circuit 60 and the output of A/D converter 56. 
[0008] 

[Problem(s) to be Solved by the Invention] However, a problem which is described below arises with the above-mentioned conventional 
configuration. 

[0009] First, actuation of the above-mentioned data regenerative apparatus is explained. In addition, the above-mentioned data 
regenerative apparatus shall reproduce the regenerative signal of a record pattern (it is the repeat pattern of "11 10" till time of day tlO after 
the repeat pattern of "1 1 1000", and time of day tlO) as shown in drawing 17 (a). 

[0010] If high region filtering is carried out in the HPF circuit 54 through the regenerative signal shown in drawing 17 (a), it will become 
the signal with which the low-pass component which a record pattern has henceforth [ the time of day tlO as shown in drawing 17 (b) ] 
was lost. In this case, since the expected value and the observation sampled value in Viterbi decoding stop suiting henceforth [ time of day 
tlO ], the way things stand, a having already explained passage cannot perform Viterbi decoding normally. 

[001 1] Then, although the above-mentioned data regenerative apparatus took out the low-pass component from the decode data of the 
Viterbi decoder 58 and it has returned to the regenerative signal, since fixed sample delay ♦*♦**♦ of these decode data is carried out, they 
become that in which the return signal added to a regenerative signal was also fixed time. That is, the signal which is added with an adder 
61 and inputted into a PRML detection system (the digital equalizer 57 and Viterbi decoder 58) does not turn into a signal with which the 
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low-pass component of which the regenerative signal was lost was compensated appropriately, the exact Viterbi recovery becomes 
impossible, therefore a return signal also becomes unusual. Furthermore, it will lapse into the feedback abnormal condition to which the 
regenerative signal compensated with the unusual return signal will also be unusual, and the error spreads it. 

[0012] Drawing 17 (c) thru/or drawing 17 (e) show the return signal, the signal inputted into a PRML detection system, and the decode 
pattern, respectively. Since a return signal begins to increase from tl 1 which was overdue from tlO fixed time, the lost low-pass 
component is not compensated to tl 1, but is small from the level which also actually needs this return signal. The signal inputted as a 
result, for example, a PRML detection system, was also accidentally shifted to the minus side, the decode error to which the repeat pattern 
of "11 10" turns into a repeat pattern of "1 100" is caused, and, finally the return signal has become 0. 

[0013] Although what is necessary is just to shorten the path length which outputs data from the Viterbi decoder 58 in order to solve such 
a problem, as stated above, when path length is shortened, there is a problem that the error rate of decode data will worsen. 
[0014] Moreover, if it lapses into a feedback abnormal condition taking advantage of disturbance, such as amplitude fluctuation of a 
regenerative signal, the problem that there is a danger that a return signal will be stabilized in an abnormal condition and will cause a burst 
error will also be produced. 

[0015] It was made in order that this invention might solve the above-mentioned trouble, and the purpose is to offer the data regenerative 
apparatus which can extract the lost low-pass component from the binarization data obtained as an output of the Viterbi decoder, can 
return to a regenerative signal, and can carry out data detection correctly at the same time it obtains the decode data of a good error rate 
with a PRML detection method. 
[0016] 

[Means for Solving the Problem] With a PRML method, after carrying out partial response waveform equalization of the regenerative 
signal, in order to carry out maximum likelihood decoding and to solve the above-mentioned technical problem by Viterbi decoding, the 
data regenerative apparatus of claim 1 It has frequency characteristics with reverse 1st filter means which cuts the low-pass component of 
a regenerative signal and filter means of the above 1st. The 2nd filter means which extracts the low- pass component of the regenerative 
signal omitted by the filter means of the above 1st from the data for feedback outputted from a Viterbi decoding means. While carrying 
out Viterbi decoding of the signal which adds the signal outputted from the filter means of the above 1st, and the signal outputted from the 
2nd filter means, and is acquired It has a Viterbi decoding means to output decode data and the data for feedback, and the above- 
mentioned Viterbi decoding means is characterized by outputting the data for feedback by path length shorter than the path length which 
outputs decode data. 

[0017] According to the above-mentioned configuration, in order that the regenerative signal read from a record medium (for example, 
optical disk) may cut DC offset component at the time of being amplified with amplifier, a low-pass component is cut by the 1st filter 
means. If the low-pass component is contained in the data of the above-mentioned regenerative signal at this time, since this will also be 
cut into coincidence, the low-pass component of the regenerative signal omitted by the filter means of the above 1st is extracted from the 
data for feedback outputted from a Viterbi decoding means by the 2nd filter means, and this is added to the signal outputted from the filter 
means of the above 1st. The above-mentioned Viterbi decoding means carries out Viterbi decoding of the signal which adds the signal 
outputted from the filter means of the above 1st, and the signal outputted from the 2nd filter means, and is acquired, and outputs the 
decode data and the data for feedback which were obtained. It becomes possible to shorten the time delay over the entry-of-data 
regenerative signal for feedback, and to perform exact reduction compensation to coincidence, realizing the good error rate of decode data, 
since the data for feedback are outputted by path length shorter than the path length to which the above-mentioned Viterbi decoding means 
outputs decode data at this time without spoiling the capacity of original PRML detection. 

[0018] The data regenerative apparatus of claim 2 is characterized by having the path length control means to which the path length which 
outputs the above-mentioned data for feedback is changed from the above-mentioned Viterbi decoding means according to the coding 
method of the above-mentioned regenerative signal in addition to the configuration of claim 1. 

[0019] By the above-mentioned configuration, since the above-mentioned path length control means changes the path length which 
outputs the data for feedback from a Viterbi decoding means according to ^e coding method of a regenerative signal, it can make a time 
delay suitable die length according to each coding method, and can compensate a more exact low- pass component. 
[0020] the data regenerative apparatus of claim 3 - the configuration of claims 1 or 2 - in addition, DSV which detects this when the 
DSV value of the above-mentioned decode data is calculated serially and this DSV value exceeds the predetermined value set up 
beforehand - counting ~ with a means the amount control means of signals which controls the amount of output signals of the filter 
means of the above 2nd - having ~ the above-mentioned amount control means of signals - Above DSV counting - the means is 
characterized by changing the amount of output signals of the 2nd filter means, when a DSV value detects having exceeded the 
predetermined value. 

[0021] the above-mentioned configuration - Above DSV - counting ~ if it is detected by the means that the DSV value exceeded the 
predetermined value, the above-mentioned amount control means of signals will change the amount of output signals of the 2nd filter 
means. Thereby, when a return signal will be in an abnormal condition by causes, such as disturbance, before it detects this abnormal 
condition from change of DSV of decode data and the amount of feedback becomes large without a brake based on this detection, it can 
return to a proper amount and the return from an abnormal condition can be realized. 

[0022] In addition to the configuration of claims 1 or 2, the data regenerative apparatus of claim 4 supervises serially whether the above- 
mentioned decode data have agreed to the pattern of a coding method. A sign pattern monitor means to detect this when these decode data 
do not agree to the pattern of a coding method. It has the amount control means of signals which controls the amount of output signals of 
the filter means of the above 2nd. The above-mentioned amount control means of signals The above-mentioned sign pattern monitor 
means is characterized by changing the amount of output signals of the 2nd filter means, when decode data detect having not agreed to the 
pattern of a coding method. 

[0023] If it is detected by the above-mentioned configuration that decode data did not agree to the pattern of a coding method with the 
above-mentioned sign pattern monitor means, by it, the above-mentioned amount control means of signals will change the amount of 
output signals of the 2nd filter means. Thereby, when a return signal will be in an abnormal condition by causes, such as disturbance, since 
decode data stop agreeing to the pattern of a coding method, before it detects this abnormal condition and the amount of feedback 
becomes large without a brake based on this detection, it can return to a proper amount and the return from an abnormal condition can be 
realized. 
[0024] 
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[Embodiment of the Invention] 

(Gcstalt 1 of operation) It will be as follows if one gestalt of operation of this invention is explained based on drawing 1 thru/or drawing 
8. 

[002S] The data regenerative apparatus concerning the gestalt of this operation illustrates the case where this invention is applied to the 
regenerative apparatus of an optical disk. The above-mentioned data regenerative apparatus As shown in drawing 1 As an optical disk 1, 
the optical head 2, RF amplifier 3, and 1st filter means As the •* HPF (High Pass Filter) circuit 4, the AGC (Auto Gain Control) circuit 5, 
the A/D (Analog/Digital) transducer 6, the digital equalizer 7, and a Viterbi decoding means It consists of the ** Vitcrbi decoder 8, the 
clock extract section 9, an LPF (Low Pass Filter) circuit 10 as 2nd filter means, and an adder 1 1 . 

[0026] The data regenerative apparatus of the above-mentioned configuration reads the digital data recorded on the optical disk 1 with the 
optical head 2, and after it gives the analog regenerative signal to RF amplifier 3 and it amplifies it here, it lets it pass in the HPF circuit 4 
which cuts DC offset component of the output of RF amplifier 3. AGC circuit 5 which removes the amplitude fluctuation by reflection 
factor fluctuation of an optical disk etc. lets the output signal of the HPF circuit 4 pass, and the output signal of AGC circuit 5 is changed 
into a digital signal from an analog signal by A/D converter 6. Identification of the output signal of A/D converter 6 is carried out to PR 
(1, 2, 1) property vwth the digital equalizer 7, with the Viterbi decoder 8, Viterbi decoding of the output signal of the digital equalizer 7 is 
carried out, and it is outputted as binarization data. 

[0027] Moreover, the regenerative signal amplified by RF amplifier 3 is inputted also into the clock extract section 9 constituted by the 
PLL (Phase Locked Loop) circuit etc., and the clock signal of the bit period which carried out phase simulation to this regenerative signal 
is outputted. This clock signal is inputted into A/D converter 6, and this A/D converter 6 performs conversion to a digital signal from an 
analog signal to this timing. 

[0028] Moreover, the above-mentioned Viterbi decoder 8 carries out the one-channel bit output of the data Dl and the decode data D2 for 
generating a return signal for every clock, and this Viterbi decoder 8 consists of the ACS (Add Compare Select) circuit section 12 and the 
data decode section 13, as shown in drawing 2 . 

[0029] The above-mentioned ACS circuit -12 consists of [ - / branch metric computing-element 12a thru/or 12e, and / 12f / of adders / - / 
12g / of comparators ] register 12i~ with 12h [ of selectors ] -, as shown in dravsring 3 . 

[0030] Above-mentioned branch metric computing -element 12a thru/or 12e are an input value X and the wave-level expected value 10. Or 
14 It calculates and outputs each receiving branch metric (relative value of the Euclidean distance between an input value and each 
expected value), in addition, an above-mentioned branch metric value is given by the formula of 2X and In-ln 2 (however branch metric 
computing-element 12a thru/or 12e boiling the value of n, respectively, and it receiving 0 thru/or 4 application), respectively. 12g [ of 
comparators ] - outputs "1 " from an output Y at the time of the input A> input B, and outputs "0" at the time of the input A<= input B. 
Selector 12e- outputs the value of Input A from an output Y, when Input S is "1", and when Input S is "0", it outputs the value of Input B. 

[0031] This ACS circuit 12 adds calculated branch metric and pass metric (branch metric sum of each state transition which constitutes 
survival pass) of the survival pass of the past currently held at register 12i- by 12f [ of adders ] — , and calculates pass metric of each 
branch. Next, an each pass metric comparison is performed by 12g [ of comparators ] -, it survives by 12h [ of selectors ] - 
corresponding to a comparison result, and pass metric of pass is chosen. Pass metric chosen by 12h [ of the above-mentioned selectors ] - 
is saved at register 12i~, survives in the case of the next operation, and is used as pass metric of pass. Moreover, the output of 12g of 
comparators is the pass selection signal Sa, Sb, Sc, and Sd, respectively. It carries out, and it is outputted and is inputted into the data 
decode section 13. 

[0032] Next, the detail of the data decode section 13 is explained using drawing 4 . 

[0033] The data decode section 13 is the pass selection signal Sa. Or Sd It is constituted by the shift register to which selector 131a which 
considers as Input S and chooses data 13 Id and 132a 132d and 133a 133d and 134a thru/or 134d, and register 135a 135d and 136a 136d 
and 137a 137d and 138a thru/or 138d were connected. Here, selector 131a 131d and 132a 132d and 133a 133d and 134a thru/or 134d 
output the value of Input A from an output Y, when Input S is "1", and when Input S is "0", it outputs the value of Input B. 
[0034] The direction where this shift register is shifted by the pass selection signal Sa, Sb, Sc, and Sd as mentioned above is decided. 
Therefore, in the first rank of a shift register, it survives, and a decode result will be chosen by what kind of state transition pass was, and 
the decode result of the surviving pass will be copied after the next step. In selector Ola of the first rank of this shift register thru/or 131d, 
"0" is inputted into Selectors 131a and 131c for input A-B, and "1" is inputted into Selectors 131b and 13 Id for input A-B. However, if the 
number of stages of the above-mentioned shift register, i.e., path length, is lengthened to some extent (to for example, 20 steps), the value 
of four registers of the last stage will be converged on the same value. That is, if gone back in the past, four survival pass will be 
converged on one pass. Therefore, the output of the register of arbitration is outputted as decode data D2 138a of the last stage thru/or out 
of a 138d register. 

[0035] The output of the register of arbitration is outputted as data Dl for feedback out of the 10th step of 137a thru/or the 137d register 
which, on the other hand, serves as path length shorter than the path length which outputs the decode data D2. Since path length is short, 
the data Dl for feedback are outputted by the time delay shorter than the decode data D2. However, the data Dl for feedback are enough 
as a source of generation of the signal for feedback, although an error rate worsens rather than the decode data D2 since it may happen 
also when survival pass has hot converged on one pass yet. 

[0036] Then, the example of the data regenerative apparatus concerning the gestalt of this operation of operation is explained below. 
[0037] If the digital equalizer 7 consists of a transversal filter and equalizes a 1-bit isolated playback wave with this digital equalizer 7, it 
will serve as a wave like drawing 5 ideally. 2 and its both sides are served as to 1, and, as for the gain for every (spacing for 1 bit shown 
by the arrow head of drawing 5 ) wave-like sampling point of this, others serve as [ the center of a wave ] the so-called PR (1, 2, 1) 
property of 0. Therefore, if the regenerative signal of the data recorded continuously is equalized, the wave which shifted the identification 
wave of an isolated playback wave for every sampling point will add, and it will become doubling, and will become an eye pattern as 
shown in drawing 6 . 

[0038] It is expected that the wave-level value for every sampling point will be ideally set to five level, 10, 1 1, 12, 13, and 14 (however, 1 1-10 
=12-11 =13-12 =14-13). In this case, the relation between the record data which can be set, and the expected value of a wave-level value 
becomes a trellis diagram as shown in drawing 7 . The sufiix which the arrow head expressed transition of a condition in drawing 7 , and 
sandwiched 7" is record data corresponding to the state transition in 0 or I on the left-hand side of "/." It is the expected value (10, 11, 12, 
13, or 14) of the wave-level value which the signal with which identification of the right of"/** was carried out to PR (1, 2, 1) property ideal 
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when a state transition occurs should take. 

[0039] Viterbi decoding of the data by which identification was carried out to PR (1,2, 1) property with the digital equalizer 7 is inputted 
and carried out to the Viterbi decoder 8. Viterbi decoding actuation is performed according to the trellis diagram of drawing 7 , and the 
Euclidean distance of the expected value of each pass and the observation sampled value in a sampling point is computed, the total of 
Euclidean distance to the input wave of a before [ 1 clock corresponding to it ] is added, and it asks for the total for every pass, and 
between two pass used as the input to each condition, total of Euclidean distance survives the smaller one and leaves as pass. 
[0040] Finally at this time, one pass exists in four conditions (condition of SOO, S 10, SOI, and SI 1 shown in drawing 7 ), respectively. 
Total of Euclidean distance considers small pass as the probable pass v^th these four survival pass, that pass of a series of is gone back 
before a fixed sample, pass is determined, and it asks for decode data from that pass. It survives and total of the Euclidean distance of pass 
is used for calculation of total of the Euclidean distance in the following sampling point computed here. Data decode is performed by 
repeating this actuation for every sample. Therefore, fixed sample delay ****** of the decode data is carried out. An error rate with a 
good way with until [ to this measurement size (path length) / to some extent much (long) ] is obtained. 

[0041] Drawing 8 (a) thru/or drawing 8 (d) are the mimetic diagrams of the signal wave form for explaining actuation of the above- 
mentioned data regenerative apparatus when recording a pattern with a low-pass component. In addition, although it is the signal which 
consists of digital value in practice about drawing 8 (c) and drawing 8 (d), the expression (as [ performed / virtually / D/A conversion ]) 
which it dared have regarded to the analog wave is carried out on account of explanation. 

[0042] If high region filtering is carried out in the HPF circuit 4 through the regenerative signal of a record pattern (it is the repeat pattern 
of "11 10" till time of day tl after the repeat pattern of "1 1 1000", and time of day tl) as shown in drawing 8 (a), it will become the signal 
with which the low-pass component which a record pattern has henceforth [ the time of day tl as shown in drawing 8 (b) ] was lost. In this 
case, since the expected value and the observation sampled value in Viterbi decoding stop suiting henceforth [ time of day tl ], the way 
things stand, Viterbi decoding cannot be performed normally. 

[0043] On the other hand, since the data Dl outputted from the Viterbi decoder 8 are reproducing the record pattern almost correctly, the 
signal (shown in drawing 8 (c)) which lets this signal pass in the digital LPF circuit 10 with frequency characteristics contrary to the 
above-mentioned HPF circuit 4, and is acquired becomes a thing very near the low-pass component lost by the signal of drawing 8 (b). 
Therefore, since the signal (shown in drawing 8 (d)) which added the regenerative signal (output signal of A/D converter 6) and the output 
signal (return signal) of the digital LPF circuit 10 with the adder 1 1 turns into a regenerative signal with which the lost low-pass 
component was compensated, expected value and its observation sampled value suit, and it can perform Viterbi decoding normally. In 
addition, although only a few is delayed to an input regenerative signal, if this time delay of a return signal is short, it will not lapse into a 
feedback abnormal condition. 

[0044] Thus, the data regenerative apparatus concerning the gestalt of this operation Since the path length to which it is made for the 
Viterbi decoder 8 to output separately the data Dl for feedback and the decode data D2, and it outputs data Dl further is made shorter than 
the path length which outputs data D2 It makes it possible to shorten the time delay over the input regenerative signal of a return signal, 
and to perform exact low- pass compensation to coincidence, realizing an error rate good [ without spoiling the capacity of original PRML 
detection ]. 

[0045] (Gestalt 2 of operation) It will be as follows if other gestalten of operation of this invention are explained based on drawing 9 and 

drawing 10 , 

[0046] The descriptions of the low- pass component contained in a playback pattern by the coding method of decode data differ, namely, 
since the permissible time delays of a return signal differ, according to the description of the low-pass component of the coding method of 
decode data, path length can also be changed by considering as a configuration equipped with the path length control means to which the 
path length which outputs the data for feedback in the Viterbi decoder is changed. 

[0047] The configuration of some data regenerative apparatus in case two kinds, RLL and EFMplus, may be inputted as a coding method 
(1 7) of decode data is shown in drawing 9 . Since it is the same as that of the gestalt 1 of the above-mentioned implementation, the 
configuration from an optical disk 1 to A/D converter 6 is omitted. Moreover, in drawing 9 , it has the same composition as an adder 11, 
the digital equalizer 7, and the data regenerative apparatus that also shows the LPF circuit 10 to drawing 1 . The data regenerative 
apparatus concerning the gestalt of this operation In addition, two data Dlfor feedback a from which the path length outputted differs and 
Dlb (path length of path length >Dlb of Dla), It has the Viterbi decoder 14 which outputs the decode data D2, the switching circuit 15 
which chooses and outputs one side of data Dla for feedback, and Dlb, and the processor 16 which specifies which shall be chosen 
between Dla and Dlb to a switching circuit 15. In addition, the path length control means given in a claim is constituted by the above- 
mentioned switching circuit 15 and the processor 16. 

[0048] Although the Viterbi decoder 14 consists of the ACS circuit section and the data decode section like the Viterbi decoder 8, the 
ACS circuit section of it is easy to be the same as that of the thing of the Viterbi decoder 8. The configuration of the above-mentioned data 
decode section is shown in drawing 10 . About data decode actuation and the component of this data decode section, since it is the same as 
that of the data decode section 13, explanation is omitted. 

[0049] The difference with the above-mentioned data decode section shown in drawing 10 , and the data decode section 13 with which the 
Viterbi decoder 8 is equipped It is the point that two, Dla and Dlb, are outputted as data for feedback. The number of stages of the 
register which outputs these is changed, for example, from the 10th step of register, similarly, data Dla is outputting from the 15th step of 
register, and data Dlb for feedback can output the data for feedback with two kinds of path length. 

[0050] When the coding method of decode data is RLL (1 7), a processor 16 controls a switching circuit 15 so that Dla is chosen in Dlb 
in EFMplus. Since whenever [ increment / in the absolute value of a DSV value ] is large compared with the pattern with which the 
pattern with which this contains most low-pass components in RLL (1 7) contains most low- pass components in EFMPlus, the time delay 
of a permissible retum signal is because the RLL (1 7) is shorter. 

[0051] In addition, the above-mentioned DSV value is calculated by it setting "0" to -1 about the playback data within a predetermined 
period, setting "T as +1, and adding the above-mentioned value in each bit within this period. Although the above-mentioned DSV value 
shows about 0 value at the time of normal playback, if it lapses into a feedback abnormal condition and the level of playback data falls, the 
absolute value will increase it. 

[0052] As mentioned above, since the data regenerative apparatus concerning the gestalt of this operation can make a time delay suitable 
die length according to each coding method by changing the path length which outputs the data for feedback with the coding method of 
decode data, it can compensate a low-pass component more correctly. 
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[0053] (Gestalt 3 of operation) One gestait of other operations of this invention is explained using drawing 1 1 thru/or drawing 13 . 
[0054] Although drawing 1 1 is the block diagram showing some data regenerative apparatus concerning the gestalt of this operation, since 
it is the same as that of the gestalt 1 of the above-mentioned implementation, the configuration from an optical disk 1 to A/D converter 6 
is omitted. Moreover, in drawing 1 1 , the adder 1 1, the digital equalizer 7, the Viterbi decoder 8, and the LPF circuit 10 also have the same 
configuration as the gestalt 1 of the above-mentioned implementation. It has the digital comparator 19 which judges whether the data 
regenerative apparatus concerning the gestalt of this operation has the input (DSV value) from an updown counter 18 and an updown 
counter 18 which carries out counting of the DSV value of the amount control circuit 17 of feedback as an amount control means of 
signals which controls the amount of outputs of LPF 10 in addition to this, and the decode data D2 in the predetermined range, in addition, 
DSV given in a claim - counting - the means is constituted by the above-mentioned updown counter 18 and the digital comparator 19. 
[0055] Actuation of the above-mentioned data regenerative apparatus is explained. An updown counter 18 inputs the decode data D2, and 
outputs the DSV value which carried out counting of the DSV value from before the assignment channel number of bits of D2, and carried 
out counting to a digital comparator 19. A digital comparator 19 compares the inputted DSV value with a predetermined reference value, 
and when this DSV value deviates from the predetermined range, it outputs the abnormality signal in DSV to the amount control circuit 17 
of feedback. It controls so that only the above-mentioned predetermined channel number of bits resets the amount of return signals as a 
front value at the last time, i.e., predetermined clock time amount, and only the above-mentioned predetermined clock time amount holds 
the value, when the amount control circuit 17 of feedback receives the abnormality signal in DSV from a digital comparator 19. 
[0056] With the gestalt of this operation, a RLL sign is assumed as a coding method (1 7) of decode data. In this case, by setting 9 and the 
above-mentioned predetermined range to **7 for the above-mentioned predetermined channel number of bits which carries out counting 
of the DSV value, it is over constraint of the longest run length, namely, that an unusual return signal is beginning to return can judge it 
easily. 

[0057] The detailed block diagram of the amount control circuit 17 of feedback is shown in drawing 12 . Supposing the return signal 
inputted from LPFIO is the digital data which is 8 bits, as shown in drav^ang 12 , the above-mentioned amount control circuit 17 of 
feedback consists of nine 8 bit-shift register 17a thru/or 17i, and output change-over machine 17j. For every bit, the return signal from 
LPFIO is distributed to shift register 17a thru/or 17i, and is memorized. Since the data of a shift register are shifted to the following shift 
register whenever a return signal is memorized by one clock, the data of a before [ 8 clocks ] will be memorized by this (the data in front 
of 8 bits to shift register 17i with the oldest newest data are memorized by shift register 17a). 

[0058] the newest data with which output change-over machine 17j is usually memorized by shift register 17a ~ switch 17k - minding ~ 
an adder 1 1 - outputting (switch 17k the a side of drawing 12 ) - if the abnormality signal in DSV is inputted from a digital comparator 
19, switch 17k will be switched to the b side so that the oldest data memorized by shift register 17i from the time may be outputted to an 
adder 11. Furthermore, in the case of the latter, by controlling switch 171.-- so that data are not shifted from period [ of 9 clock time 
amount ], and shift register 17h to shift register 17i after the abnormality signal in DSV is inputted, only the period of 9 clock time amount 
is held and the oldest data are outputted to an adder 1 1 . After carrying out 9 clock time amount maintenance, switch 17k and a switch of 
switch 171. are performed so that the data of shift register 17a may be again outputted to an adder 1 1 and data may be shifted from shift 
register 17h to shift register 17i. 

[0059] Next, an example is shown. Drawing 13 shows the signal which a low-pass component is compensated in the gestalt of this 
operation, and is inputted into the digital equalizer 7. The return signal became unusual according to causes, such as a noise, at the time of 
t2, and the big signal has returned from the proper value. If the observation sampled value shifts from expected value soon and the output 
of the Viterbi decoder comes to incline toward 1, the DSV value for the nine-channel bit by which counting is carried out by the updown 
counter 18 will become large gradually. And if the above-mentioned DSV value exceeds the predetermined range 7 at the time of t3, since 
the amount control circuit 17 of signals will return the amount of output signals of LPFIO to the value in front of 9 clocks, before the 
amount of feedback becomes large without a brake, it will return to a proper amount. 

[0060] As mentioned above, when a return signal will be in an abnormal condition by causes, such as disturbance, before it can detect this 
abnormal condition from the DSV value change of decode data and the amount of feedback becomes large without a brake based on this 
detection, the data regenerative apparatus concerning the gestalt of this operation can be returned to a proper amount, and can realize the 
return from an abnormal condition. 

[0061] In addition, although the data for feedback which the data regenerative apparatus concerning the gestalt of this operation outputs 
support one kind of path length, as shown in the gestalt 2 of operation, they are good also as a configuration which outputs the data for 
feedback as data for feedback corresponding to two or more kinds of path length. 

[0062] (Gestalt 4 of operation) One gestalt of other operations of this invention is explained using drawing 14 . 
[0063] Although it detects that the data regenerative apparatus concerning the gestalt 3 of the above-mentioned implementation has a 
return signal in an abnormal condition from the DSV value change of the decode data D2 and the amount of output signals of LPFIO is 
controlled by the amount control circuit 17 of feedback The data regenerative apparatus concerning the gestalt of this operation instead of 
an updown counter 18 and a digital comparator 19 It is judged that a return signal is in an abnormal condition when it had a sign pattern 
monitor means to supervise serially whether the decode data D2 have agreed to the pattern of a coding method and the decode data D2 
stopped agreeing to a sign pattern. He is trying to return the amount of output signals of LPFIO to the value in front of an abnormal 
condition. 

[0064] The configuration of some data regenerative apparatus in this case is shown in drawing 14 . Since it is the same as that of the data 
regenerative apparatus conceming the gestalt 1 of operation, the configuration from an optical disk 1 to A/D converter 6 is omitted. In 
drawing 14 , it is the same configuration as the data regenerative apparatus which an adder 1 1, the digital equalizer 7, the Viterbi decoder 
8, the LPF circuit 10, and the amount control circuit 17 of feedback also require for the gestalt 1 of operation. In addition to this, the data 
regenerative apparatus conceming the gestalt of this operation has the RLL (1 7) decoder 20 as a sign pattern monitor means to decode the 
data encoded by RLL (I 7). 

[0065] The decode data D2 outputted from the Viterbi decoder 8 are inputted, the RLL (1 7) decode of this is carried out, the above- 
mentioned (1 7) RLL decoder 20 cannot be decoded, namely, when the pattern which does not agree to a sign pattern is inputted, judges 
that a regenerative signal is in an abnormal condition, and outputs a coding rule deviation signal. Actuation of the amount control circuit 

17 of feedback when receiving a coding rule deviation signal is the same as the actuation when receiving the abnormality signal in DSV in 
the amount control circuit 17 of feedback of the data regenerative apparatus concerning the gestalt 3 of the above-mentioned 
implementation. 
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[0066] As mentioned above, since decode data stop agreeing to the pattern of a coding method when a return signal will be in an abnormal 
condition by causes, such as disturbance, before it can detect this abnormal condition and the amount of feedback becomes targe without a 
brake based on this detection, the data regenerative apparatus concerning the gestalt of this operation can be returned to a proper amount, 
and can realize the return from an abnormal condition. 

[0067] In addition, although the data for feedback which the data regenerative apparatus concerning the gestalt of this operation outputs 
support one kind of path length, as shown in the gestalt 2 of operation, they are good also as a configuration which outputs the data for 
feedback as data for feedback corresponding to two or more kinds of path length. 

[0068] Moreover, in the gestalt of each above-mentioned implementation, although digital one LPF and a digital adder were used for 
generation of a return signal, and addition, respectively, after carrying out D/A conversion of the output of the Viterbi decoder. Analog 
LPF and an analog adder may be used, respectively. 

[0069] Furthermore, in the gestalt of each above-mentioned implementation, although the example carried out using PR(1, 2, 1) ML as a 
PRML detection method explained, even if it is not limited to this and uses other PRML detection methods, it is clear that the 
effectiveness of this invention is acquired. 

[0070] Furthermore, in the gestalt of each above-mentioned implementation, although the case where it applied to an optical disk 
regenerative apparatus was explained, even if it applies to the communication system which cannot be transmitted and magnetic-recording 
reversion system of a dc component, it is clear that the effectiveness of this invention is acquired. 
[0071] 

[Effect of the Invention] 1st filter means by which the data regenerative apparatus of invention of claim 1 cuts the low-pass component of 
a regenerative signal as mentioned above. The 2nd filter means which extracts the low-pass component of the regenerative signal omitted 
by the filter means of the above 1st from the data for feedback which have frequency characteristics contrary to the filter means of the 
above 1st, and are outputted from a Viterbi decoding means. While carrying out Viterbi decoding of the signal which adds the signal 
outputted from the filter means of the above 1st, and the signal outputted from the 2nd filter means, and is acquired Having a Viterbi 
decoding means to output decode data and the data for feedback, the above-mentioned Viterbi decoding means is a configuration which 
outputs the data for feedback by path length shorter than the path length which outputs decode data. 

[0072] So, the above-mentioned Viterbi decoding means outputs the data for feedback for compensating the low-pass component of the 
data cut by the 1st filter means apart from decode data. By considering as a configuration shorter than the path length to which the path 
length which outputs the data for feedback outputs decode data The effectiveness that the time delay over the input regenerative signal of 
a return signal can be shortened, and exact reduction compensation can be performed to coincidence is done so, realizing the good error 
rate of decode data without spoiling the capacity of original PRML detection. 

[0073] The data regenerative apparatus of invention of claim 2 is a configuration equipped with the path length control means to which the 
path length which outputs the above-mentioned data for feedback is changed from the above-mentioned Viterbi decoding means as 
mentioned above according to the coding method of the above-mentioned regenerative signal in addition to the configuration of claim 1. 
[0074] So, since a time delay can be made into suitable die length according to each coding method by changing the path length which 
outputs the data for feedback with the coding method of decode data in addition to the efTectiveness by the configuration of claim 1 , the 
effectiveness that a low-pass component can be compensated more correctly is done. 

[0075] the data regenerative apparatus of invention of claim 3 - above - the configuration of claims 1 or 2 — in addition, DSV which 
detects this when the DSV value of the above-mentioned decode data is calculated serially and this DSV value exceeds the predetermined 
value set up beforehand -- counting - with a means the amount control means of signals which controls the amount of output signals of 
the filter means of the above 2nd - having — the above-mentioned amount control means of signals - Above DSV ~ counting — a means 
is the configuration that it changes the amount of output signals of the 2nd filter means when a DSV value detects having exceeded the 
predetermined value. 

[0076] So, by detecting this abnormal condition from change of DSV of decode data, when a return signal will be in an abnormal 
condition by causes, such as disturbance, in addition to the effectiveness by the configuration of claims 1 or 2, before the amount of 
feedback becomes large without a brake, the effectiveness that it can return to a proper amount and the return from an abnormal condition 
can be realized is done. 

[0077] The data regenerative apparatus of invention of claim 4 is added to the configuration of claims 1 or 2 as mentioned above. A sign 
pattern monitor means to detect this when it supervises serially whether the above-mentioned decode data have agreed to the pattern of a 
coding method and these decode data do not agree it to the pattern of a coding method, It has the amount control means of signals which 
controls the amount of output signals of the filter means of the above 2nd, and the above-mentioned sign pattern monitor means is the 
configuration of changing the amount of output signals of the 2nd filter means when it detects, as for the above-mentioned amount control 
means of signals, decode data having not agreed to the pattern of a coding method. 

[0078] So, when a return signal will be in an abnormal condition by causes, such as disturbance, in addition to the effectiveness by the 
configuration of claims 1 or 2, since decode data stop agreeing to the pattern of a coding method, before the amount of feedback becomes 
large without a brake by detecting this abnormal condition, the effectiveness that it can return to a proper amount and the return from an 
abnormal condition can be realized is done. 
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♦NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram in which showing 1 operation gestalt of this invention, and showing the configuration of a data 

regenerative apparatus. 

rPrawing 21 It is the block diagram showing the configuration of the Viterbi decoder of the above-mentioned data regenerative apparatus. 
[Drawing 31 It is the circuit diagram showing the configuration of the ACS circuit section of the above-mentioned Viterbi decoder. 
[Drawing 4] It is the circuit diagram showing the configuration of the data decode section of the above-mentioned Viterbi decoder. 
[Drawing 51 It is the explanatory view showing the wave which equalized the 1-bit isolated playback wave in PR (1, 2, 1) property. 
[Drawing 6] It is the explanatory view showing the eye pattern of a playback wave of each mark equalized in PR (1,2, 1) property. 
[Drawing 71 It is a trellis diagram showing actuation of the Viterbi decoder in PR(1 , 2, 1) ML detection method. 

[Drawing 8] It is the timing chart which shows each signal wave form in actuation of the data regenerative apparatus shown in drawing 1 . 

[Drawing 91 It is the block diagram showing a part of configuration of the data regenerative apparatus in which other operation gestalten 
of this invention are shown. 

[Drawing 101 It is the circuit diagram showing the configuration of the data decode section of the above-mentioned data regenerative 
apparatus. 

[Drawing 11] It is the block diagram showing a part of configuration of the data regenerative apparatus in which the operation gestalt of 
further others of this invention is shown. 

[Drawing 121 It is the circuit diagram showing the configuration of the amount control circuit of feedback of the above-mentioned data 
regenerative apparatus. 

[Drawing 131 It is the explanatory view showing the output signal wave of the adder in actuation of the above-mentioned data regenerative 
apparatus. 

[Drawing 141 It is the block diagram showing a part of configuration of the data regenerative apparatus in which the operation gestalt of 
further others of this invention is shown. 

[Drawing 151 It is the block diagram showing the configuration of the conventional data regenerative apparatus. 

[Drawing 161 It is the block diagram showing the configuration of the conventional data regenerative apparatus which applied the 

quantizing feedback method. 

[Drawing 17] It is the timing chart which shows each signal wave form in actuation of the conventional data regenerative apparatus which 

applied the quantizing feedback method. 

[Description of Notations] 

4 HPF Circuit (1st Filter Means) 

7 Digital Equalizer 

8 Viterbi Decoder (Viterbi Decoding Means) 
10 LPF Circuit (2nd Filter Means) 

15 Switching Circuit (Path Length Control Means) 

16 Processor (Path Length Control Means) 

17 The Amount Control Circuit of Feedback (the Amount Control Means of Signals) 

18 Updown Counter (DSV Counting Means) 

19 Digital Comparator (DSV Counting Means) 

20 1, 7RLL Decoder (Sign Pattern Monitor Means) 



[Translation done.] 
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^?>Zk ^mkt LT v^s . 
[00231 i^WlilSHi I) . ±IBRF#/t:}'-ySS 
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Lxmmmii^ti><n&Mi:^^i>zti^tt, 

[00241 

(mummi ) *iiHjoii^co-jg®k:ov^T0i^ 
\>^Lm8izm^\.^xmmfini. ar<7m*)xS)t. 
10 [0025] ^mMiff)Bmtz^i>y'-^m^^mii. * 

3l£x^;^:71. 5t'v-7H2. RFT^rS, mi<0 
7-<>l^^#ai:ti:<0HPF (Hidi Pass Filter) 
4. AGC (Auto Gain Control )(Hlig 5. A/D (Anal 
ag/Di«ital)^i«S6. T'Ji^/l^mmT. b'^'b'a^ 
#gttT<0b'^'b'a-^8. :7D-/:7tttlja59. 112 
<r>yHfi'^^&bLX</)LPF (Low Pass Filter)08S 

1 0. axt/mmi iip(>m&^iit. 

2D [0026] ±Mm&ff>7~:S^n^m!H. 3tT ^ X^- 

1 izmm^tut'f'j^fi^-^i^'y V2xmim 

•CJSetfcft. RFT>r3<?5aJ:>)<0DC3r7-fe-yh« 
^i-?r;>5f yh-rSHPF|Hll84fc:a-r. HPFI5ISS4<oaj 

|^^5AGC|5|»5fca$tl. AGC|51»5<^JB*fi 

^';l'#flig§7T-PR ( 1 , 2. 1 ) ^fc^^^l. T 
30 i^'^'yl/^l:ll7<!D{tiii«#l4b-:?b'a-f«8'Ch'^b-« 

[002 7] iJt, RFryT3fc:j:0Ji«a$nitB^ 

m^J, PLL (Phase Locked Loop)|il»5ri:t:i 0« 

[0028] ±Eb-^'b-a^8tt. imm^^ 

40 4^Sfc«>tf>r-:?Dli:a#T-^D2i:l&l^'D 

•y^'^fc:if-^:t^;|/b'-/bai^j-ti.tiOT3^'?. Kb'^' 
b'a^8tt. 02t:^J;dtC. ACS (Add Cowor 
e Select) HUSSSl 2i:T-^'a^l 3t*>/5>«jS$ 

[0 0291 J:aACSI5|»l2«, H3fc:3^J:3 
fc. 7'7>'^p<h'J-/^'SI»Sll 2a^rV^Ll2et. 
Sl®3gl2f - i:. Ik«tigl2g -i:. aj?|§12h- 
fc. Ixi^'XrJ'l 2 i ■fc*>^>fi|^§fiTV^|,. 

[ 0 0 3 0 ] ±^^7 h y y 1 2 a^SrV^ 

50 Ll2e«. A^ttXtaggW'-Cyl.JS^lo ^rl^Ll 
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o - 1 n » (fit. ntOfi»ir7>'f-^ h 'J y ^'iS^ 

ffl) (^iCt:J:o-C^;c<^>fLS. ItKffil 2g -{i. Xii 
A>XiJBff)k^ "1" 5-{i5:ftY*^<i>a5:)jL. X*Ag 
^JjB<7)t^ -0- ^{iJ:ft-rS. i^l§12e. -l4A* 
S*« "1- Oi:^A*A<7>fi$-a5^lY*>/?>aJ:ftL. A* 
S*« "0" Oi:#A:»jB<^$-aj*-r^.. 10 
10 0 311 CKOAC SEIK 1 2tt. tW^tUtr^V 
i-jthV-yi^b V'Jxjf 1 2 i • tfi^^ilTV^Siai 

5 m; </ ) S- Ji«[S 1 
2f- "fciOJimiL. #7'7y^W^>^pt^'J•y^'$•t^ 
^■Ti.. lt«Sll 2 g-fcJ:-5T#>'tX^ h 'J «y 
9<r>]tWfi^h1x. ttSSaSStcJtiSLTSSiSl 2h -■ 
fcJ: '945gl'5>'^•X<7)y^X^ h U -/ ^/(^i^StlS . ± 

leaaRis 1 2 h-izi. *)mi^tiiif^x^ v u ^a, 

i2g<oaj:^jli. ^ix^to^xmms^ . Sb . s 

[0032] »:tc. T-^U^^i 3<op«lfc:ov^-ca 
[0033] T-^a^i 3J4, nxmm^s^ =3: 

V^LSd SA^Sfc LtT-^'^i^-r&i^lSl 3 1 
a^rV^Ll31d. 132a^:V^Ll32d. 133a 
=5:V^H33d, fcJ:tfl34aiSrV^H34di:. W 30 

1 3 5a:5:V>Ll 3 5d, 136a^V^L136 
d, 1 3 7a^:V^L.137d, tSilfl 38a:3:V^tl 
3 8 d iiifiem^1Xk.i^y Y Wx^lZii *)mSL^1XX 
v^S. d-I-e. S9?S131 a:5rv^Ll 3 1d, 132 
a^rV^Ul32d, 1 3 3a5:V^Ll 3 3d. fcitXl 
34a55:V^Ll34d{4. X)iSifi "1" <nt%K)iA 
<^&ajAY3&»4>ai^jL. A^ISAJ "0" iOk^AAB 

[0 0 34] ZiOi^yhUi^xm. Ij^idiz. 
xaiiii^s. . Sb . Sc . Sdt:J:>)5^7h$*t& 40 

S<^S?§§1 3 1 a^rV^Ll 3 1 dtiJV^TJi, S5?3I 
131ai>J;tfl31cfc:»4A*A- Bttfc "0" 
Xii^K. WSmi 3 1 bijjrt^l 3 1 dK{4A*A ■ 

2 0at)-rSi:. S»a<^4o<OUvX^'<7>tt«Ht 50 
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muz^mth. oiD, ja*t:fflSi:4o<^$s"3>''? 

X{410(7)>'N-;^tHRSLTV^&<^-C*S. tSoTfiJ^g 
<0 1 3 8 a^rV^L 1 3 8 d«7)Wi^'X:J'C0+*><i>ffig<?5l' 

[00351 a#T-:?D 2 i&a5:ft-rsnxsj: 

•)«Vv\-X:6fc^S0!x<f 1 0ga<0 13 7 a^rl^L 1 
3 7 dtf5Ui;x^'«0**»'3ffm<OUi^':^5'<oaJiJ2riiS 

mm<-^<nT. a^-^'D2j:')t)fflv^3iM^Brca5 

fib. *SSfflT-:J'D 114. ^S:SO>'<X3&5 
*Jt'loco^'C;^fc:JR^LTvv5rk^i©^t,iBc: O^i^i 
«>. S^-^'D2J:0tX7-U-H4S<=SrS36«. 

[00361 ^V^T, 4^i^Sfc*>*»«.T-^H^ 

[00371 Ti''^'/l'^fli8S7»4 h^yXf^—^A'y 4 
fi'9ii^h*j:*). C:W-fi^'^;l/^S7fc:J:-5Tlb'-/h 

saet^rs. c:<o«9g<oiij-yrui'^'^» (S5<^ 

Brc^l b'-/ h^cOSH) <0fiiliit(4, SLJgtW 
2. ^ffmmifil. •?-c7)fS*50«OV^t)t9>l>PR (1. 
2, 1 ) WSLf^jih. a-?T. ^LTEMii^n^x- 

[00381 ^yy^) yymnwBi^^vmtmssfi 

W41o . ll . Il . l3 . l4 (fflL. li - lo 

= i2 -ii =i3 -i2 =i4 -Is ) <r>5^<r>v^ 
( 1 , 2 , 1 ) ^K:^$<i^fi^MRS<#«ggW 

'v/Hicoaj^ ( lo. ii.i8.i3. i4 <ov^-r 

[00391 T->'^';l'^ffc8S7 1 J: 0 PR ( 1 , 2 , 
D^^WiC^tdty'-nt. t':J'b'a^8tA* 
StlTb'r^b'S^SixS. b'^J'b'a^l^i. 07<^h 
V')xim\i:m.'yX^ts:hfi. -^-yr'jy^^^fcteJtS 

-/ HIESI^SajL. -entd^lS^S l ^'o y :7bu*-C<0 

m*)^<xtLxm. 

[00401 ZCO^MX'ii. ft*l6tHC4-:K7)*tli (37 
(C^Soo. Sio. Soi. Siicolitli) ttJV^T. -irtL 
-r<^l-?<0''^•J^*«ff^^T^^S. c:(7)4-5<o*§ig|0'''« 



(6) 



y-U-hmi^tit. 10 
[0041108 (a)^:V^L08 (d)»4. Wm» 

( c ) tSS ( d ) iz-y\^Xli^liT'J^/\^^^^ 
[004 2] 08 (a) iZ5Fi-tio^SB^'i^-y m 

sfltifcii "1 1 1000" ffm*)mu^^-y. m 
mt ima "mo- (0Mkmu-<^-y) com. 20 
m^^HPFmmAizmtxmi^^m-htms (b) 

[00431 b*;J'b'a^8*»^>aJ:>j:^iXl.T- 

vi<^-^& jiEH p Fiiiift4 tm<r>mmemi:^T' 

j;^A/LPF|lI»l 0(CjiLT^<?>nS<i^ (H8 30 
( c ) a. H8 ( b ) <0M^-CJiy5ixTV^|,fi 

LPF|5|8|lo<oaJ:>jm^(JS3a^^) t^rRL-^ht 
(08 ( d ) (c^) tt. iM^ix^flSSlS^Srffl 

imm^iix:fjm.m^tzntx{i^Ltn'fm&-th 

=S:v\ 40 

[00441 z</)X 0 ^z^msicrmmizg^hf-^m. 
mma. b^'b'g^siwSfflT-^'Difcg^T- 

^D2i:^fi^{cai:fTthXotzL. Mfcx-^DlJrai 
TV%|,<0-C, **c7)PRMLe!ai«0^$-«^*>-ffcS 

:nm^m^iznti>mmism< LxjEmmmm 

i:noZki:-»imbLX\^&. 

[0 0 4 51 (mt&mm2)^meomiLemmm 

t:oi^T09tJj:lf01OK«-:Jv^-tSiHBttHf. OT 50 
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[0046] a^-^<D«r^^^r5«fcJ: -oTS^Ar? 

-yiz^tti6ism.^ffymi)m^j:i>. m^imm^ 
mmtm&ib-rizbtzx^x. 

lOOATiSL^-^m^^tLX (1. 7) 
RLLfcEFMplu s</)2$mifi}dJ^iinh^ 
T-:?S45SS<O-a5«fliJ«&09t=fl^-r. 3tr.f 

ifcHaiT*>s<o-ct«Lrv^s. iJt. 09fct>v^ 

X. m^ll. ri^^Jl^H^l. fcit^LPFElffi 

ioi>mnz^i'-9m^m.tmm<m&t^r>x 

;t.T. tli*5<^5>'^•X:R<0P^:S2-cx7)^fSfflT-^'D 
la. D 1 b (D 1 a«OyN*X:g>D 1 bffi^^X^) 
g^-:J^D2i:«:aj*-r5b'^b'g^l4i:. ^ 
mf-^D 1 at D 1 b<7)-^rt:i^LTaJ:>J-rSX>f 
-/^iHlBl 5i:, X^ -/f-mSl 5fc«LTD 1 atD 
1 bOfc't> ^^j^-r S*»SrJ§^f Sra-fe >y -9- 1 6 

[00481 f^'b-a^S 1 4ttb*^ b-a#iS8 1^ 

iZACSm&Uby'-m^mi]^i^m&^tl6i^. AC 
S|51l»SBIlb'^b'm^8<7)t,<Dfc3-c7)t><7)-cJ:V\ 
J:aT-:J'S^£Offi^j&01O*c^. JltOx-^'S 

^^(^-m^mFbma^tz'oxvtii. f-^m 

[00491 01 OtC^Jbar-r^a^fc. b'^'b* 

mmStZmttytLhT-m^l 3k<^)ffiiU4. « 

Jifflr-:? fc LT D 1 a i: D 1 b<02o*<aiAS#l'r 

f^xlf, *»jifflT-^'D 1 b«i OWL^ffyUi^x^iP' 

Hl:.<T-5'Dl a(41 5aBOW'>''X^'3&»/i,aj:ft 
•thZbX. 2mk<r)f^x^^^fr)mm'f-i^i:}iMi 
X%h. 

[00501 To-fcyiM 6J4, fi#T-^<^)1?^{t:er 
^(1, 7) RLL<7)i©^{4D IbS:, EFMplu 
sff^^iD 1 aMiS?snsi 3fc:x>f -yf-IlUSl 5 
^©IfflN-S. ClWi. (1. 7) RLLt^t^TSt^ 
<««Wt^»-«:*tf>'t^->'J4. E FMP 1 u sfcfcV^T 
gt>^<®1^^5r^tfK:^-yfcit'^T, DSVficO 

ffi^iafts. (1. 7) RLL<7)*3&gSV^A»^>T*&. 

[00511^. iSD s vfitt. rfi^imn<nimrf 

-r^toV^T. "1"^+1. "0" Ir-ltLT, it 
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1 1 

[0052] W±« J: 0 fc:. 

[00 5 31 (miimm3)*wmi&(omiit(o-m lo 

[ 0 0 5 4 ] a 1 1 {i3|!^<^Jit«ST-:?S436 

1. Ti^'^;l^iS7. b'i'h'g^S. iJitifLPF 
HIIBl 0t,J:^iS<^®l fc^cDffijS^WUTV^ 

T . L p F 1 otDiHijmifmttm^am^&b t 

1 83&»A><oA^) (D svfi) im«<o^fc:i>S*» 

S. iS*«S«<ODSVtt®#gtt, i^T-yr^ 
^Vil^y^ 1 8tJa:l^T>'':5'/Pa>'ytW-^' 1 9tJ: 

[00551 mff-^'mmmm^^z.-r>\^xwm 

LT. D 2<7)ti^f-V*;Pt'>y biim*»i?><DD SV«$- 

9fca5:*j-rs. Tv^/PnwNV-:?! 9«, A:>j$ti 

S&l 7ta5:»j-rS. ^fjaMSOfflllHlffil 7J±. ri^'^^l^n 
Wfl^-;? 1 9*>ii>D S V^^<i#^SmLfcl$^T± 

[00561 3|i^ii[<^®-CI4. S^-:?0«^'ft)5r 40 
^i: LT ( 1 . 7 ) RLL??-f 5rj5^S. 
D S Vfi5rtHgrr&±IBm^f-^*;Pb' y hit?: 9 . ± 
EB»r^<0KHS-±7fc-r«.c:tfe:J:->-C. Sft^y^gfO 

wh^nfLx^i^h. mM'mmimim^^imh 

[00571^12 tCjiSft«|»|°]«j( 1 7 
H^SH-. LPF10*»^>A*$*iaJifili#36*8tV 

fc. ±amt$!t»lllIHH7<4. 9fflc08b'«yh£^7h 
P'j^*X^17a^rV^Ll7ii:. ai*«JlgSll7ji:*» 50 
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1 2 

<9«jS$tlS. LPF10*»4,OJi3i©^4. h'-/hS 
t:s^7 M^S^'^^' 1 7 a55:(,^t 1 7 i tfiO^JtrSfil 
$fLl.. <§Sm^l^'n-y^'^)-se$<i&jSfc:, 

5<^f. ::<tfc:J:08^'o-y^|}tT<OT-^'*WS 
^iSCitfc^rl. (i^7hPvx^'i7afc:St,frU^T 
-^'ip'. VV'JX^ 1 7 i fcet*(r^8b'<3' M50 

[0058] ai*flBftSl 7 j tt. aSJ«5^7 M^5/X 
^'17atcE«$fLSetfrU^T-:J'S-. X-f-y^l 
7k^yi-UTll^l lfc:aj:Jj-rS (;^-<'yf-17kt4 
HI 2<0a{|) 1 9*»<?>DS 

1 7 i fc:EeS<TJtfit>*v^T-^^M[§§ 1 1 ^ai 
:fjf&J:3fc;^>f •y^l7kSrbiafc:fl}0iei.&. 

DSVMS<iWA:bS*iT36»<i.9^'Oy 

1- i&iH«^Sii:-C. gt*V^T-^A<9^'ny^'l$ 

s^oTO^'ttfiy^snruifflss 1 1 t:aj:>j$ni. . 9 ^ 

o-y^^fimL:ita»4. Bl^i^7hUi^'X^'17ac7) 
r-:^!«i*Jll»«l l{cai*$n. i}^'^yVWJX9l 
7 h*»^i^7 M^s^X:? 1 7 i fc:T-^'**s^7 hSilS 
idt, X^«yf-17ktJit^X>f yf-17 KO^OOft 

[00591 wzm.m^Tfct, m 1 3ii*iiM[<^® 

t:iJV^TiSSJtft«-i&*HS$tiTT>''^;i^S7'vA* 
$ti.|.^^Sr^i<^. t2iO^^-cy>fX5rt'<OMHfci 

X\^% . b':? \^m^<r>^iit^ 1 J: o fc^SrS t . 

r^y^^ya^vs 1 8-cftfa$<ti.9^^:f/Pb'-y 

h^)>cJ)DSVffliLfc*v^(c:*c#<=S:S. -etT, t3<0 

wm^\ 7J4LPF 1 QK7mhm^m:9 9xi',^m 

[0060] aJiiOJ: 3{c. :4^St<^®fc«^x-:? 

g^s«®s:«ia5-r s c: h ifix% . steiaifca-:^v%T . 

[00611^. :*^<^®tfli*-r-^li4IIH** 
tlJ:>JfS»Sfflx-:J'{4. l®i<0>''?x*t:*t;ELTi^ 
Slit<7»g®2fc:^J:dt:. *i®fflT-:?tL-C 
2®aiJU:<DV'«:^:gKitJ6LT«»WT-^ *aj*-tS 

[00 621 (lliSc7)Jg®4 ) *f6?B<^<0|ltt<0-^g 
S5:B14 2rfflV^Tiii»ri.. 
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[00631 m^mm 3 

oTLPF 1 OffiiUm^mmLX^^hii'. *|Qt 
D 2 *«flr^^t&l«<0^ ^' - > L T V ^ S 

mnm^tzhh tmmtx . l p f i ooaj:^j<i^ lo 

014tC^. 5tT'fX:7 1*><i>A/D^§|6*-e<D 

^J'^l^^T. t'^'h'g^S. LPFIHBio, iiJ: 
t^JfilMiSlllB 1 7 tSISt<7Wg® 1 fcffi*T-^'S^ 

^Smii. ZtltzMtX. (1.7) RLL-CfirtftS 

tvf;:¥-:^^m^i-t1^J^^^-ymm^&tLXco 20 
(1, 7) RLLa-fS2 0^WLTV^&. 
[00 6 51 ±E (1. 7) RLLa^20tt. b'^ 

(1,7) RLLfi^L, S^T^^rVv fip*>1? 

1 7 tCtJV^T. D S VSS^i^ 
[00661 jyjio i 3 fc:. 

<=5fS1?fatiE^:4fcMLTM»liai*»<s.<0S»^ieS 
[ 0 0 6 7 1 pJS, :*^e7)?gSfc:«ST-:J'H4ilS*»* 

ai*-rs*ijSfflx-^'J4. liesio^'^x^ftfcijjeL-cv^ 
2aajjLt.<o>'^x:gt*fj5LT*ijiffl-f-^'S:aj*-rs 

[00 681 ±E:Sllji<^®t:tiV^TJ4. ^iS 
<i^<04^. imfc:-?-<t-f*i.Ti''^';PLPF. T5/^';^ 

Uc±-c. -enmr-^o^^LPF. T-^o^^Il»s^ 

[00691 St. ±IB#llit<OJ^S{CfeV^T«. PR 
ML«!aj*^fcLTPR (1, 2, DMLSrffl^^TII 
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<. mnpRi\i.m&-)i^^m\>^xhim^[('mmm 

[00701 Mfc. ±S#lltt<^JgStciJV>T«. 3feT 
[00711 

< )V9^wt. mm 1 <7)7 ^yp^'^gt {±j£cosaaa 

r^ji**?.. ±IEISl<07^;k^#S(cJ:»);!r«yb$*utS 

41i^WfiSMc3i-i&ttai^SII2c07^;l.:?^at, ± 
Elgi«7-f;l^^^gJ:0aJ:*j$*i&fi^t, ^207 

^y^-h'^ii.hmiL ^im.'Lx^t>ixhm, 

i:S:aj:>J^Sb'^'b'g^#gi:?rfiii.. JJBb'^'b'g-^ 

[00721 ^ii^L , iJBb'rJ' b'S^^SJi. ft^ 
-r^tJiSOfc. Sl<07-f;l':?^gfcJ:oT;&-yh5n 

OP RM Lsiai«i£jj iW£m\i:m.^r~9<r>$im: 

3 ^1 S i: v^3 S&^^Sf 

[00731 wmKrmmf-^m^mt^ mxl 
[0 0 741 'eitf9>i., mm\(nm.^i.hmA:M 

IX. a^x-:?i^#fld5^fc:i->T«3ifflx-^'?r 
iti:']-rs>N-X;gJ:IEfl:$-ar& i: t J: -?T . 

[00751 mm3ff)mii7)'f-ifmimii. &± 
o J: 3 tc. mm ittiii2 ff)m&izMix . ismn 

D s vtHamo^D s vmm&timtfi:! t iwita 
[ooiei^tivpi.. mmittiH2(^m&tzXi> 



1 5 

[00771 mm4 ff)m<^-:!fm^mi. jajt 

[00781 ^Mt. m^ltf:iii2com&izXt 

«S**««±»^r<:«c#<«rSI9fc:JffiE=S*k:ML 
Xm^tmi}-tynmi:^-ttZbifiX^i>b\.'^d^ 20 

[Hiii<^fS#^:SiBai 

[HI 1 *m^^immi:^i><ovi>*}. ¥-9 

IMfellBc^1i«5:S?r:/a »/ ^mxi>h . 
im2 1 ±iix-^'ll45IS<0b-^'b-g^«<0fi|jfi5r^ 

[04 1 jjet'^' t's^^T-^'a^^Sfifcs-s^f 

ElSafftS. 30 
[051 lh-'7hcoi!ttll3fe«0g$:PR (1. 2. 1) 

^t^kLfcaOB^^:maH0Ti)S . 
[06 1 PR ( 1 . 2. 1 ) imizm{tLt:^-?-^<^ 

[071 PR ( 1 . 2. 1 ) MLfiia}*i5fc:*JttSh':? 
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[08 1 0 1 izjrrtT-i^mmmmmztufh^ 
[0101 J:Ex-^ii4iiffi<OT-^awo«js* 

[0111 *IMB<^$/i>(cffi<OlliSg®S-^^T-:?S 

[0121 JJBT-^'ll4l6a<^)*i3lJl»l«IllB<^JS 
i&^laI*80-C*>&. 

[0131 J«T-:?»*ilSO»f^fc*5ltSlnfflE3S<0 

[0141 *^<^$ ^>tfaiO|Q4Jg®^^^x-:?S 

[0151 «3|«0-f-^'S^ISc^j£S^^-r7'D«y^' 
0TJ>S. 

[0161 M.^Hmmmi:mmtt:m^T-i}^M^ 
[0171 A'fimmmimmLt:m^~^mm 
x'hh. 

7 rS^'^'/l^fliS 

8 h'^ b'a#« ( b'rJ'b'a^^g) 

10 LPFIhMS (SB2<^)7-f;P^#a) 

15 x>f -x^iHiis (f^xm\m^m 

1 6 ro-fey^- (/N-X^S^JW^a) 
1 7 (^^ASmp^gl) 

18 T-j-ry^yii^y^ {DSVW:^^m 

1 9 X ixy-ci^-rJ' ( D S VtHSt^a ) 

20 (1. 7) RLLm^(49r^n:?->EJi# 
3) 
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